In anesthetized dog, acute mitral insufficiency of variable severity results in an increase in coronary blood flow and myocardial oxygen consumption. The increase in oxygen consumption is interpreted ns meaning either that the left ventiicle expends a significant amount of energy in regurgitating blood into the left atrium during mitral insufficiency, or that mitral insufficiency induces a decrease of the efficiency of the left ventricle or both.
In anesthetized dog, acute mitral insufficiency of variable severity results in an increase in coronary blood flow and myocardial oxygen consumption. The increase in oxygen consumption is interpreted ns meaning either that the left ventiicle expends a significant amount of energy in regurgitating blood into the left atrium during mitral insufficiency, or that mitral insufficiency induces a decrease of the efficiency of the left ventricle or both. I X THOSE patients with pure mitral insufficieucy of rheumatic origin in whom cardiac failure finally supervenes, it is always difficult to exclude a past or present rheumatic myocarditis as an important factor in the pathogenesis of the myocardial failure and consequently it is often impossible to assess the role of the mitral insufficiency in the inception of cardiac failure. Furthermore, although a great deal of work has been done on the effects of mitral insufficiency on the hemodynamics of the circulation, 1 ' 2 no data are available concerning the effect of mitral insufficiency on coronary blood flow and cardiac oxygen consumption. Therefore, it was thought of interest to study the effect of a mechanically induced mitral insufficiency of various degree on cardiac metabolism in order to appraise quantitatively the demands made upon the myocardium by mitral insufficiency. METHODS Seventeen dogs weighing between IS and 30 Kg. were anesthetized by the intravenous administration of 10 ml./Kg. of a 1 per cent chloralose solution. The trachea, both common carotids and both external jugulars were exposed and a Y shaped glass tube inserted into the trachea. Un-der artificial respiration, the left hemithorax was opened, the pericardium incised and the heart suspended in a pericardial cradle. The method used to measure and record continuously the output of the left ventricle was a modification of that previously described in this laboratory. 1 The proximal ends of the left subelavian artery and braehiocephalic trunk were cannnlated, then the aorta was clamped distally to the subelavian artery so that the blood ejected by the left ventricle was directed into an electromagnetic rotameter' and returned to the circulation via both carotid arteries cannulated distally as well as both femoral arteries cannulnted proximally and distally. Since the coronary sinus drains blood essentially only from the left coronary artery' 1 " and since in a given animal the coronary sinus blood flow represents a constant portion of the left coronary artery flow," measurement of the coronary sinus blood flow was used as a means of studying left coronary arterial flow. A cannula was introduced via the left external jugular vein into the coronary sinus and tied in place by a string passed around the coronary sinus. All the blood emerging from the coronary sinus through this cannula was directed into a second rotameter by means of which the coronary sinus blood flow was measured and continuously recorded. The coronary sinus blood was returned to the dog through a cannula introduced via the right external jugular vein down to the junction of the right atrium and the superior vena cava. Mean arterial blood pressure was recorded from the root of the aorta with a dampened Gregg manometer. Left ventricular output, mean arterial blood pressure and coronary sinus blood flow were recorded continuously on photographic paper. The heart rate was obtained by direct timing, from the blood pressure tracing, or from an electroeardiographic tracing. The instrument WSGRIA, MUBLHEIMS, JREISSATT AND NAKANO experiments 15 and 16, the valve spreader partially tore one of the mitral leaflets. After dilatation of the mitral valve was discontinued, the coronary blood flow did not return completely to control level in experiment 15 and even kept rising in experiment 16. In the latter experiment, the original tear kept increasing.
used to produce acute mitral insufficiency of graded severity was the umbrella type valve spreader previously described by Wiggers and Maltby. T While cardiac output, blood pressure and coronary sinus blood flow were being continuously recorded, the valve spreader was slipped into the mitral ring through the left ventricular wall. The introduction of the instrument into the mitral ring was without effect on blood pressure, cardiac output and coronary flow. Proper positioning of the instrument was judged by palpation and the correctness of the position of the instrument was checked by direct visualization at the end of each experiment. It was attempted to produce mitral insufficiency of essentially two degrees of severity. In milder type, the valve spreader was progressively adjusted so as to produce an immediate decrease in the cardiac output which would return to or very close to its control value within up to half a minute. In the more severe type, the insufficiency was graded to produce a drop in the cardiac output which returned toward its control level, but which remained definitely below it for the duration of the experiment. Of course, a sharp delineation between the two groups was not possible in every experiment. In 7 experiments, after a control period, both the milder and the more severe types of insufficiency were successively produced, then a period of recovery was observed. In 10 experiments, mitral insufficiency of only one degree of severity was studied. Arterial and coronary sinus blood samples were drawn simultaneously during the control period, at the end of each period of mitral insufficiency, and during the period of recovery. The oxygen contents of the arterial and venous bloods were determined in duplicate by the method of Van Slyke and Neill.* The oxygen consumption of that portion of the myocardium drained by the coronary sinus was calculated according to the following formula: oxygen consumption (expressed in ml./min.) = coronary sinus blood flow (expressed in ml./min.) X coronary blood oxygen arteriovenons difference (expressed in ml. per cent) X 10"'.
RESULTS AND DISCUSSION
The results are summarized in table 1. A mitral insufficiency was induced 24 times in 17 dogs. In 12 of these 24 instances (studied in 12 dogs), the cardiac output did not return completely to its control level during mitral insufficiency and at the time the effect WfiGRIA, MUELHEIMS, JEEISSATY AND NAKANO of the insufficiency were studied, the cardiac output, i.e., the amount of blood ejected by the left ventricle into the aorta, was 10 per cent or more below its control level. In the other 12 instances the cardiac output had recovered completely or at least was less than 10 per cent below its control value. As can be seen in table 1, the induction of mitral insufficiency generally had little or no effect on the heart rate, but lowered the mean aortic blood pressure consistently and sometime; considerably, at least in severe mitral insufficiences. Each insufficiency was maintained for from 130 to 440 sec. During every mitral insufficiency, cardiac oxygen consumption was increased and this increase occurred whether the work of the left ventricle involved in expelling blood into the aorta remained essentially unchanged or was decreased. In every experiment also, the coronary blood flow was increased by the mitral insufficiency. In 7 animals, the severity of mitral insufficiency was increased. This increase in the severity of the insufficiency resulted in a further increase in oxygen consumption in all 7 animals and in a further increase in coronary blood flow in 6 of the 7 animals. The increase in oxygen consumption induced by mitral insufficiency was due to an increase in coronary blood flow alone in 9 out of the 24 insufficiencies. It was due both to a rise in coronary flow and an increase in the oxygen arteriovenous difference in the other 15 of the 24 insufficiencies. In only 2 of these 15 experiments was the increase in oxygen arteriovenous difference and in the other 13, it was due mostly to the increase in coronary blood flow.
Since the oxygen consumption was increased by mitral insufficiency, even when the work of the left ventricle involved in expelling blood into the aorta was essentially unchanged, and since the oxygen consumption was increased especially when this work was decreased, it must be concluded that a significant portion of the energy spent by the left ventricle in mitral insufficiency is used in regurgitating blood through the insufficient mitral valve. The other theoretically possible but less likely explanation for the increase in oxygen consumption is that mitral insufficiency induces a decrease in the efficiency of the myocardium. Whatever may be the reaso7i for the increase in oxygen consumption during mitral insufficiency, be it an increase in the total work of the left ventricle or a decrease in the efficiency of the left ventricle, or both, mitral insufficiency necessitates an increase in coronary blood flow and oxygen consumption and results thereby in a decrease in the reserve of the left ventricle. It is of interest that the increase in oxygen consumption caused by mitral insufficiency is met primarily by an increase in coronary flow rather than by an increase in the oxygen arteriovenous difference.
After mitral insufficiency was discontinued, cardiac output, arterial blood pressure, coronary blood flow and cardiac oxygen consumption returned to or toward their control level. In 6 dogs of 17, however, the cardiac output did not recover or even fell further after mitral insufficiency was discontinued. The results observed in these 6 dogs do not differ otherwise from the results obtained in the other experiments, in which the cardiac output recovered partially or completely.
The decrease in cardiac systolic and minute outputs which occurs immediately after the induction of mitral insufficiency is undoubtedly due to the fact that as the insufficiency is induced, a portion of the volume of blood present in the left ventricle at the end of diastole, regurgitates into the left atrium, which results in a decrease in the systolic and minute outputs as well as mean arterial blood pressure. Within a few beats, the systolic and minute outputs of the left ventricle returns to or toward their control levels through the operation of the Starling law. 1 That other mechanisms contribute to the return of the cardiac output to or toward control level, is beyond doubt. Indeed, the decrease in mean arterial blood pressure, for example, must result in reflex vasoconstriction, 9 secretion of epinephrine 9 and reorganization of the distribution of the blood 9 ' 10 all effects which in turn may affect the output MITRAL IXKrFFK'TENTY AND CARDfAC METABOLISM rto."> of the heart directly or indirecth'. The mechanisms through which during acute mitral insufficiency of sufficient severity, the cardiac output, i.e., the aortic flow, recovers only partially and returns only toward and not completely to its control level, are far from obvious. The reason for the lack of complete recovery of the cardiac output during acute mitral insufficiency would not seem to be the inception of myocardial failure, because the intravenous administration of isotonic sodium chloride solution at this stage always resulted in a marked increase of the cardiac output. This was first observed by Wiggers and Feil 1 who established this increase in cardiac output from indirect evidence obtained by analysis of intraventricular and aortic pressure curves. This increase in output was measured directly in 4 experiments of the present study and amounted to up to 120 per cent of the cardiac output during mitral insufficiency. In the conventional concept of cardiac failure developed in the heart-lung preparation, nryocardial failure develops when a further increment in the demands made upon the heart through an increase in the venous return or a rise in the aortic blood pressure or, presumably, through the induction of a valvular lesion and an increase in its severity, results in a decrease in the work of the myocardium. If this conventional concept applies to the whole animal, it is difficult to see how lack of complete recovery of cardiac output during mitral insufficiency could be ascribed to cardiac failure, since the infusion of sodium chloride solution at this time increases the cardiac output, the amount of mitral regurgitation 1 and the work of the heart. However, if this concept does not apply to the whole animal, or if it is modified by other factors when applied to the whole animal, or, in other words, if the extra demand upon the failing heart by the infusion does not necessarily result in a decrease in cardiac work in the whole animal, then the lack of complete return of cardiac output to control could still be due to cardiac failure. It would seem more likely however that the lack of return of cardiac output to its control level is due to the fact that during mitral insufficiency of sufficient severity, a large volume of blood is sequestered in the left atrium and pulmonary bed and the amount of: blood available sets a limit to the degree of recover}' of the cardiac output after acute mitral insufficiency has been induced. This situation would be in some respects similar to what has been reported to occur in acute large arteriovenous fistulas. 10 However, direct proof for this hypothesis is still lacking and under investigation.
SUMMARY
In anesthetized dogs, the induction of acute mitral insufficiency of such severity as to allow a prompt return of the cardiac output, i.e., aortic flow, to its control level, results in an increase in coronary blood flow and myocardial oxygen consumption. The same effects are observed if the insufficiency is marked enough to prevent complete return of the cardiac output to its control level during the maintenance of the insufficiency. The increase in oxygen consumption occurring while the amount of blood expelled by the left ventricle into the aorta remains unchanged or actually decreases, is interpreted as meaning either that the left ventricle expends a significant amount of energy in regurgitating blood into the left atrium during mitral insufficiency, or that mitral insufficiency induces a decrease of the efficiency of the left ventricle, or both.
Sl'MMARIO IX l.VTEKLINGUA In canes anesthesiate, le induction de acute insufficientia mitral de grades de severitate sufficiente a permitter un prompte retorno del rendimento cardiac (i.e. del fluxo aortic) a su nivello de controlo resulta in un augmento del fluxo coronari de sanguine e del consumption de oxygeno in le myocardio. Le mesme effectos es observate si le insufficientia es satis marcate pro prevenir le complete retorno del rendimento cardiac a su nivello de controlo durante que le insufficientia es mantenite. Le augmento del consumption de oxygeno oceurrente durante que le quantitate de sanguine expellite per le ventriculo sinistre a in le aorta remane inalterate o de facto descresce es interpretate eomo indication que (1) le ventriculo sinistre expende un quantitate significative de energia in le regurgitation de sanguine a in le atrio sinistre durante le insufficientia mitral o (2) le insufficientia mitral induce un reduction del efficacia del ventriculo sinistre. Le combination del duo interpretationes es etiam possibile.
